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KAHUAl OF PROCRAMKMG 
FOB "VB& CARD-PROaRAJWSD CALCUTV.TOR 

i    nriRorocTioi? 

The presentation of •. mathematical problem to a counting instrument 
consist*; of the steps: 

1. Problem creation and recognition. 
2. Detailed problea definition in complete and condensed mathematical 

form. 
3. Application of i'oe methods of numerical analysis to establish specific 

computational formulae which vill yield numerical approximations to that mathe- 
matical one and vill assure an economy of procedure commensurate vlth the 
accuracy required. 

k. Translation of the result In*: discrete statement of the problem into 
sequences of algebraic steps which are connected together by means of branch 
operations which depend on the computed outcome of preceding sequences. 

5. formulation of a logistical pattern of storage to assure availability 
of the basic input and of the Intermediate results which occur at every step In 
the sequence of computation. 

6. Formulation of a useful arrangement and pattern of presentation of the 
important results. 

7. Translatiou of the individual algebraic steps and branches into code, 
which is the language to which the computing instrument responds. 

Although all of these steps may be considered by a problem programmer, the 
outline herein Is confined chiefly to steps 5, 6, and 7, with a few remarks on 
step h.    This Is in consideration of the main intention, which is to provide a 
short manual of coding principles applicable to the Card-Programmed Calculator, 
Model II, as it ie controlled by the so called General-Purpose Double-Operation 
Function Panel, developed In the Haval Ordnance laboratory. 

Accordingly much of the material is presentee in the form of directions to 
the propxamm-T, beginning at a stage in the problem development somewhere between 
steps k  ^nd 5 above. At thib i.tage a yitematlc record of the algebraic r.nd 
other r.tezs,  In vhe sequence is produceu and corresponding codes are assi^ed. 
This record is the program sheet, shown ae attachment 1) From it, the actual 
instruction and data cards to be fed into the machine are prepared. an in- 
struction card design Is shown In attachment 2). 

II DESCRIPTIONS 

1. The Card 

1.1 The basic operating unit of IBM machines is the IBM punched card, which 
nay contain both coded instructions and data in the form of punched holes. The 
card ha5 80 vertical columns, each vlth 12 punching positions, one each for the 
uigits 0 to 9, an 11 or X position, and a 12 cr Y position. A  blank coimrn is 
interpreted as a zero. The card Is divided Into sections, or groups of column, <t 
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called fields; these define portions of the card in which information of a 
cert;vin~"kihd .will always appear 

1.2 For use with the General Purpose Panel the card is divided into 10 fields. 
Fields numbered 1-Y are for d&ts and include respectively columns 3*10* 27-35* 
36-fck; 4s-53, 5i»-62. '.$3-71, ana 72-bO. In fields 2 to ? the first 8 COIUSBTS. 
are lor digits and the ninth column is the sign, blank or zero punch for a 
positive sign, "9': punch for a negative sign. In rie3.d one, column 3 is the 
sign-column and the seven columns"k  to 10 are i'or digits. These seven card 
fields may all be used at the same time. 

1.3 Columns 13-26 "are allocated Tor instructors coding. 

lA Columns 11 and 12"- are allocated for sequential card numbering. 

1.5 Columns 1 and 2 are for the identification of the_ problem, called a project 
number or MARK number. Every card used in connection with a problem must have 
this project number punched in it- Columns 1 and 2 are not read by the machine. 

2 r._ The Program Sheet 

The program sheet is a detailed-layout of a calculation.:- This is a form 
consisting of pairs of wide ana narrow horizontal spaeirigs. Each such pair is 
calls! a line. In the wide spacings, the algebra-corresponding to each compu- 
tation stepTs written by the. progranEser.  Immediately above-this, within the 
corresponding narrow spacing, the" programmer can then code the" actaal'declmal 
digits corresp^ding to that algebra, -to the line number., and to the other 
identification he chooses to be -Uie-ftil ^ ~Thus-each line snculd contain the codes 
to be punched, in one card for the algebraic .nd arithmetic manipulations which 
that card will cause the calculator Lo perform, and the numerical values to be 
read into the registers from that card. 

3.— - - The Components or the Card -Programmed Calculator 

3-1- The fowr-basic_t;oinporients of the^CardV-Rrcgramried Calculator are: one type 
^12 Accounting,Machine,jane type --6C^ .-Electronic" Calculator"Unit, one type 52? 
Gang-Nummary Punch Machine and one type 9^1 Auxiliary,' itorage Unit,  (bee at- 
tachment 3 • )      

The functions of the individual components are as follows: 

3-2 The 412 Accounting Machine serves as card-reader, printer, electromechanical 
storage and control. Through its selector and comparing relay circuits, all 
coded instructions are translated into individual actions (e.g., operations 
for the 605 caleul '.tor,   summary punch orders for the 527, orders for printing, 
spacing, shifting, etc.). 

/til input data in read into the Card-Programme-.1 Calculator by way of the 
412 machine. Four fields of this data may be -end directly from the card ir. > 
four-storage units of !.!<> 4lLJ. 35multaneoysly, three operands of data may be 
read into three  regi. ters of the 60S electronic unit from the card. There is 
a total ~.f seven storage units in the 412 machine but only four of these may - 
receive information directly from the card. Each of the seven units can receive 
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resiOtf; from the 60s via channel "C" (jee attachment j), store them, and \ 
transmit tneo back into the 605 registers via channels 'A" and B" for later 
use. Six of these units ha""* nine positions of storage, eight for digits J 
and one for the sign. One unit hn'.  seven positions for digits and -yzx  for 
sign. 

3-3 The >^1 auxiliary storage unit consists of sixteen electromechanical 
registers which receive numbers from channel "C*1 and transnit number <s to 
channels A" and "B.'  tech register has ni-.a positions of storage, eight 
for digits and one for the sign. 

3.U The 60p electronic calculator unit uses electronic circuit' to perform 
the operations called for b., Instruction cards. 

3.u.l with each card cycle of the 412, the 605 unit completes ilxty consecutive 
electronic programs, each one of which can be used to perform a simple operation 
such as a division, multiplication, shift, transfer, etc. By the selection of 
groups of these programs, the performance of the 605 can be varied from card 
cycle to card cycle. Thi?. selection 16 made by the 412 which translates the 
punched Instruction code into a selector (relay) configuration which Is used to 
suppress or alter program^ '--- 

3.;>.2 The arith'vtic unit, interprets a sequence of eight digits in any register 
or stemge as H decimal numoer with the decimal point occuirinp; after the high 
order digit, i.e., a sequence of eight digits XXXXXXXX is interpreted as X.X>DOCXXX. 

i i; - -_ "    3.^.3 Normally after the sixtieth program is completed, the U12 reads another 

I 

card and the process is repeated, but by energizing the program repeat' device, 
the 6£f)  will continue to recycle through the sixty programs until the device is 
suppressed. This device is used for producing transcendental functions which 
are computed in the form of power series and each term is developed by a sweep 
of sixty programs. 

3.4.1* The electronic storage registers of the 60$ unit have been arranged to 
form four eight position registers. Three of these are "read-In" regl&ters for 
the operands, U, V, and W. The fourth is a read-out register for the intermediate 
result Y. The final result Z is read out of the arithmetic unit of the GCj>. 
Either one of these result.-, may be sent via channel "C" to a storage unit. 

3.4.> For the read-i:. registers in the 605 two channels ( „ and L") are 
provided to transmit : umbers from the 412 and 9^1 storages of the  »rd-ProgrHrrv>d 
Calculator. Operand '.' is read via channel "A" and operand V or W is read via 
channel "B." Only o:.e channel serves both V and W.  Hence, It is not possible 
to call quantities from these btor^es into both V and W on the same card cycle. 

3.4.6 Another facility of the 605 is the balance test unit which tests the 
sign of tl. result of •> calculation. On the busis of .he result of this rest, 
the oOp car. then supp  ;:. or permit subsequent operation for the control of 
sub-routines, that is, the test can cause the suppression of operations coded 
on a &et of Instruct-on curds. 

j-5 The S?7 punch machine is used to punch results on cards. These can s-e used 
as input OaU» oard^ for new phases or iteration; of problems.  The contents of 

.. 

I 
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ar.y of the 412 storages and of the 605 registers W, Y, and Z can b« punched 
simultaneously m a new card. 'Bits action is controlled by a coded instruction 
read by the 412. 

4. The Teleplotter 

4.1 The Teleplotter is a digital plotting device that will convert a digital 
input of point coordinates to an (x,y) plotting head TOsition by actually 
counting the lines on the graph paper. The essential components of the Tele- 
plotter are a flat plotting area on which is placed the coordinate paper; a 
plotting head which travel* in two orthogonal directions and covers the entire 
field of the plotting ar-aa; one deciaal electronic accumulator for each axis; 
and the necessary control eleaentB. 

4.2 Although the Teleplotter is not an ISM machine, it has been built to work 
in conjunction with such machines. When it is connected with the CPC the 
operation of the Teleplotter is automatic and is under the control of the 

..— instruction cards passing thru the CPC. The proper instructions will cause a 
transfer of numbers from a CPU storage to the Teleplotter meaory; plotting of 
the desired point will proceed automatically while the CPC is continuing with 
further calculations. 

Ill ACTIOH AND INTffiRKLATIOH OP TDK PARTS: A. HPUT 

- .---.. — 
I- - _ _—    5- Addresses __. 

- v 
. 

5*1 Addresses are the codes by which operands are read into toe registers 
U, V, and W and by which results are directed to the mechanical storages fox -- 
later use. 

5.1.1 The address code, or more simply the address, consists of two digits 
which are punched in columns 14-15, 17-18 and 20-21 when referring to the U, 
V, a^d W operands respectively; and in column* 22-23 when directing a result 
to mechanical storage. 

5.1.1.1 A storage address in culumns 22 and 23 normally indicates that Z is 
to be stored. However, an "X" punch in the units position of the storage address 
(column 23) causes Y to be ctoreu and/or printed instead of Z.  (See 9.1.5) 

5.1.1.2 The final card in the 412 card feed will not stora a result. 

5-1.2 Addresses are of four general type?;:  those referring to the 412 and 
941 electromechanical storages, the electronic storages, and the fields 5, 6, 
and 7 of the card. 

5.2 The  941 storage contains two bank- of eight registers e<_ h. The address 
code:-, are 11, 12, ... 18 (for bank 1) imd 21, 22, ... 28 (fo, bank 2).  These 
".wo digit numbers may ue  the addresses for the operands U, V, and W via channels 
"A" and "B" and for storing the results Y 01   7.  via channel "C." 

V.2.1 These storage units always ^eset to zero Just before a number it read 
nto them. 

i   ~ 

i 
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5.2.2 A number must not be recalled from a 9^1 storage unit prior to the third 
cord following the card on which it waa addressed to that storage unit. 

5-3 The hl2  counter storage responds to addresses 71, 72, ... 77  These are 
to be used for sending Y or Z to storage via channel "C," and for entering the 
U, V, and W registers via channels "A" and "B" without resetting the corresponding 
storage units. 

5.3.1 8l, 82, ... 87 control the same respective unit6, but are used for U, V, 
and W, in plice of 71, 72, ... 77 to cause resetting of the unit after it hni> 
read out. 

« 
5.3.2 A nurber must not be recalled from a 1+12 storage unit prior to the second 
card following the card on which it was addressed to that storage unit. 

5.3.3 The counters in the ul2 storage are wired to accumulate positive numbers 
only. 

5.3-1* Results may be read into the same **12 storage unit on successive cards. 

5.3-5 In order to read from a single 412 storage unit into two operand registers 
on the same card and rc-3«t, the tens digit of both addresses must be 8. 

5-3-6 An "X" punch in column 13 will cause values punched in the first four 
card fields to read simultaneously and directly into the 412 counterJ ?1, 72, 
73» 74. This is called spread entry loading or, less formally, spread reading. 

5.3-6-1 Spread read quantities may be addressed immediately on the next card. 

5-3-6.2 Results may not be stored in counters 71-74 on a card immediately 
preceding a spread entry card.  (See also 9-1-M 

5.3.6.3 Addresses 71-74 and 81-84 may not be used in U, V, and W on a c-\rd 
with a spread entry. 

5-4 Three addresses are used to recall information from electronic stor^e. 

5.4.1 49: Read the preceding Z result into any of U, V, and W. 

5.4.2 39: Read the preceding Y result into any of U, V, and W. 

5-4.3 99* for V, and/or W: Use the values for V and/or W which were used in 
the previous card cycle.  (See also 6.2.4) 

5.4.4 The electronic storage registers in which the U, V, and W operands are 
placed are reset automatically every card cycle except when the retention code 
99 is used. 

5-5 09: R»ad the U, V. and/or W v«iues frorr tr.e corresponding card fie. . 
(7'2ids 5, <-, and/or 7.) 

5-5-1 The card field takes precedence over any other address. TIK 

punched in field:, 5, 6, or 7 will disturb any read in other than 09. 

L 
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•j.5.2 A blank in the W address behaves as 09.  U and V addressee raunt be 
coded.  (See also 7.1) 

5.6 Tnvle of Sources which each operand register may accept: 

- 

; 
,-— 

Types of Sources 
Regir.er 

U    V    W Addrese Code 

Card fields 5, 6, and/or 7. 

Any 2 numbers in the Ul2 or 
9^1 storage. 

Preceding Y result. 

Preceding Z result. 

V and/or W operand of 
preceding (retained in 
electronic registers). 

F5   F6   F7 

!j    6* or S» 

Y    Y    Y 

Z    Z    Z 

V    V 

09 

11-18; 21-23; 71-77 

39 

k9 

99 

5.6.1 *When one of these two operands is supplied from mechanical storage, the 
other must be read from the card, be retained unaltered from the previous line, 
or be obtained froe one of the two previous results. Both may not cone from 
mechanical storage.  (See 3.1*-5)  (See also 5.8) 

5-7 Certain of these addresses may be modified in several ways. 

5.7.1 An "X punch in the units position of all addresses except 99 serves to 
reverse the sign of U, V, and W operands. 

5.7-2 To obtain a positive absolute value of a quantity, read the quantity 
from storage with its sign reversed and punch a "9" (minus sign) in the sign 
column or the corresponding U, V, or W field of the card. To obtain the negative 
absolute value of a quantity, read that quantity from storage into U, V, or W 
r.nd punch a "9" (minus sign) in the sign column of the corresponding U, V, or 
W field of the card. 

5.7.3 A "Y" punch in the 10's position of all addresses except 99 will 6hift 
U, V, and V one place to the left, effectively multiplying that operand by 10 
before entry into the electron!n registers for computation. 

5.8 To facilitate programming, provision has seen made for permutation of 
ijperands after they are read in but before they are computed on. 

- * 
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i>.6.1 Table of Permutations; 

Contents of registers after 
operands have been permuted, 
but before state of arithmetic 
operations  Type of Action 

none 

U -> V,  V ~> V 

U -» V,  V—> W, W 

U -* W,  W -y U 

U -t   W, V -* U, W 

V -* W,  W -> V 

u V w 

V u w 

w u V 

w V u 

V w u 

u w V 

Code 
Column 13 

none 

1 

2 

3 

k 

5 

5.6.2 Contents of registers remain In their permuted arrangement after the 
arithmetic operations have been performed. 

5.6.3 On the program sheet it Is customary to write the algebra in the permuted 
arrangemeul, tilthough the addresses, of course, are written and punched in the 
read in arrangement. 

5.9 Special Storage Reset Codes 

5.9.I To reset the 9**1 storage, two cards are needed for any one banki 

,1.1 barA 1 (storages 11-16) 

Card Code 
Column 22 

1. 
2. 

1 
X 

bank 2 ^stor*g*»s 21-28) 

Card Code 
Column 22 

1 
2 

2 
X 

5.5.1.3 These four cards, can be condensed to three, (.'re 'j  9-3) 

c.9.2 An MX" punch in column 19 Is, used to recet all the 412 counters 
aIrcultaneously. 

/ 
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5.9.2.1  It is permissible to clear Lhe **12 storage with an "X" pun^h in 
column 19 *i«i on the come card i-tov-.  a result In the k±2  via channel "C." 

5-9-3 All 9^1 storage and ^12 counter unita are reset before starting a 
calculation, or at any place in the sequence, by using three cards: 

-• 

Code 
Card Column 19 Column 22 

2 

3 

1 

X 

6. Algebraic Operations 

6.1 The CIC Model II performs two algebraic operations with three operands on 
each card. 

6.1.1 The first operand, called U, can be combined with the second operand, 
v. to produce the first result, Y. Y may be combined with the third operand, 
W, to produce the second result, Z.    Either Y or Z may be stored and printed 
(via channel "C"), and/or summary punched; both mcy be retained as operands 
in the next computing step. 

6-1.2 The first operation code i» a single digit which is punched In column 
l6. The second operation code may consist of 3 . ?, or 3 digits, all punched 
in column 19- 

6.2 Table of Algebraic Operation Codes 

Name of operation iyjabol_ 
Code 

Column 36 Column 19 

Transfer U to Y 

Add (algebraically) 

Divide  (normal) 

jl v ide   ( i nv«»rt.*»d) 

Multiply 

Extract square root of "W" 

1 

+ 

/ 

\ 

1 

2 

3 

i» 

5 

2 

3 

5 

6 

6-c.l To subtract reverse the sign of the opt^and and add, using operation 
code (?). 

P 
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6.?.2 Two divisions (whether direct (3) or Inverse (•'*)) cannot be performed 
on the same card cycle. 

6.2.3 A division nay not be performed or. the some line with (6), the square 
root of W.  (bee 6.2.j.l and 6.3.^.2) 

6.2.3.1 When the second operation call6 for the square root of W (6) and the 
first operation is coded as division (3), the dividend will be the number in 
register W (rather than U). 

6.2.1* The operand in register V cannot be retained for use on the next line 
of programming if the second operation is a square root. It is replaced by 
the final value of the square root. 

6.2.5 Correct performance require;; that two operations be always coded on a 
card. 

6.3 It is possible by the use of the following substitution codes to vary the 
operands of the second operation. 

6.3.1 Table of Substitution Codes 

Same of operation   symbol Code in Column 19  

•Substitute V for Y V _    7 
•Substitute Y for W Y 8  

6.3.2 •These substitutions do not affect the contents of the V, Y, or W 
registers but only the way in which these operands are associated during the 
second operation in a card cycle. 

6.3.3 In a Y for H substitution (8), a W addressed operand is read in but the 
operation is entirely Independent of It. 

6.3.1* Table of Permissible Associations of Operands 

Substitution rode 
1st operation 2nd operation Column 1£ 

U - V -  Y Y • W * Z (normal aoue) 

V • W = Z 7 

Y- Y » Z 8 

V- Y = Z 7, e 

U • V - Y «fw« z (normal mo;' ;) 

V7 • z 8 
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6.3.U.I »o substitutions are possible In "the first operation. 

6.3.H-.2 When the secoad operation is the square root of Y (6,8) the first 
operation may"be the division of U by V (.?). 

6. '••*•    A second variation in the algebraic operations is the shift right of 
results Y and/or &> effectively multiplying by a positive integral power of 
l/lO and rounding. 

6.^,1 Table of ahift Right of Result- 

Type of Action Column Code 

Shift Y 1 place to right= (xlQ7>) 

ShiftY 2 places to right. (xl0~2) 

Shift Y 3 place, to right (xlO-3) 

Shift? Z 1 place"to right (xlC"1) 

Shift Z 2.places tc^right (xlO"£)- 

Shift Z 3 places to right (xlCT-3-}. 

13 

13 

2**_ 

24 

2k 

6.4-,2. . ,The_ ihift takes .place immediately as a part of the first or second' 
operation. "In the case of Y, the" shifted Y then enters the second operation. 

6.5 The following properties of the machine should be noted. 

6.5«-l."The arithmetic snit interprets a.__ sequence of eight decimal digits as a- 
number in decimal/notation with the decimal point occurring immediately after 
the first di-git, i.e., XXXXXXXTis interpreted as ""-X.XSXXXXX. 

6.5.1.1 Numbers  going into and oat of the electromechanical storages must be 
regarded Ln this way also. One exception is storage 71, which has no units 
position and must therefore be treated a,: ± O.XXXXXXX. There is a plug on the 
piggy-back portion of the control panel by which the sign control of this 
storage may oe disconnected. With the sign control off, 71 may be used for 
storage or positive numbers only, + O.XXXXXXX, and column j may be used as an 
additional column for uara identification.  With the sign control on, any non 
zero digit punched in column three will cause the contents of 71 to be negative. 

6.5-2 If any result Y or Z exceeds V-:Jy>W)9 but is less than 100, the first 
dir.it on the left will normally be truncateu.  However, one and only one such 
overflow digit on the left may be salvaged by using the shift result one place 
right with this operation. 

6.;.<    If a .uotient exceeds or equals 100, the machine gives 0 us  a result, 

bo.4 Division bv 0 *ives 0. 

\<> 
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6.5-5 The square root of a negative number will I* zero. 

7. Transcendental Functions 

7.1 Kor computing transcendental functions the argument is addressed as a U 
operand, and the two-digit operation code is placed ir. columns l6 and 19.  V 
jir.d W addresses must be left blank. Circular and hyperbolic functions are 
generated for radian arguments only. 

7.1.1 The 99 code may not be used following a card on which ?. transcendental 
function is called for. 

7.1.ki The result of a trar.ooendenuU. function calculation is called from 
electronic storage on the next line by a ;*9 code. 

7.2 The control panels are wired to calculate the functions at electronic 
speed recursively by the following series: 

2    '6 
7.2.1 cos u = 1 -g. + £ - gj. * .... 

7.2.2 cosh u • 1 + H£+^4^. .... 

7 9 - ci„ ,, . „  Q3  U5  U7 7.2.; sin u « u -_,.+ _- ^ *   

7.2.U    sinh u = u +. Hi * £ - HZ » •••• 
31  TT  71 

7.2.5 eu * 1 4. u.. u£  U3  U^ 
2!  3!  51 

7.2.6 arrtan u • u - ± u-'•»• i u' • ; u' -t- .... 
3    -J 7 

7.2.7 -Jrctanfa u » o 4 'A - ±1 « "I - .... 3    5    r 

7-2.v; In u = (u - 1) - I (u - 1)2+ i (u - 1)3    
? 3 

7.2.9 ri.e Units on the argur-ents art determined by: 

1. Rate of convergence of the series. 
2. ;ilz-i of the resulting i\inction. 
j.  "Use of the intermediate calculations of the series. 



r s 

NAVDRJD Report 2755 

7.3 Table of Transcendental Function Codet> 

Fund iion 

Code 
Column    C< 

16 
olumn 
19 

COa 6 2 -VTo < u < \TU             range 

jin 6 J 416 < u <iTo 

Remark r- 

range restricted by ufi *. 

cosh      9     2   -cosh'^-lC < u < co6h_110 range restricted by value 
of fctn.; ccsh-1 10 • 
2.9962 

sinh      9     ?   -slnh-110 < u <  3tnh~ 10 range restricted by value 
of fctn.; sinh-1 10 * 

2.9932 

ex        7     5   (- 3 6c * u « In 10)    lover range restricted by 
u3/3HO;** upper range 
restricted by value of 
fctn.; ln.10 = 2.3026 

exp 2.3025851 = 10 

tan"1     e     7   -.91 <  u < .87        range restricted by desired 
accuracy***. 

tarih-1 9 7        -.67 < u < .87 range restricted by desired 
accuracy***. 

"*« (0.!» c  u < 1.9)        range restricted by desired 
accuracv. 

7.2-1 '^"'e error in the computed function for arguments vrithin the above range 
i? le;s thi.n 10~&. 

7.3— *^~ ij stored in the electronic computing unit (605) in the course of 
this calculation. 

**Ftiib L-J  the fourth term in the series representation of eu used. 
****flRrms of reries av summed until the exponent of the argument reaches 

100, or  until a term cf the series is lest than 5*10 , whichever occurs first. 

7.'+ subroutine:, for extending ranges of arguments of these functions may be 
constructed fross the following relations. 

7.J*.1  sin x «-sin ( x - 2.T7,w -~   )  a  o^ iiitcttci tu.d 
COo x * -cos ( x - i r. -r. • v   ) 

7.^.2 are tan X  '  L'  U •tan ( X /.   „ .r. T.  )   - J£  ,   TCt.n x < It 

. 1 

L 
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7.4.3    areslr. x - ?-xctan  x •£ -• .H    <r arcsln x   .$ 3- 

arccoslxl = arctan  ft- ** /„, r;   < arccos x   ^  3 

.^.'*    nrctanh x « «? arctan    x / 
'l -r r ! M > ' 

areGinh x  s oretcuin   t /.,  
' fl-»x1 

arceosh x - orctuih {x%~<\/ x" 

?.*.6    In x = 2 orctanh (*~0//Xt ,> 

In x = n In l*    / 

7-5    Let arctan (y / x) •      <p    , 0* *  f  '   3fc0°. 

let arctan (y/x}=    9;   * j * ^ - "^   j  be the angle given by the machinej 

let    t = l«jl/^   ,    £-- l%!/%  ^t/^il-  0) 

let 10-2* =   [\AT &(*->)<]  /.ftO  ; 

then 10-2 f, (LAfl.d*,o°*0 5 • 11 - 3)(l-« ~ * 0 

8. Brsjich Orders 

8.1 It is possible to test, and in effect store, the sign of the result of 
a calculation and on the basis of this test obey certain subsequent instruc- 
tions and ignore others. 

8.2 At any instant one and only one sign is remembered by the machine. This 
sign is remembered up to and including a card vith a test instruction. 

8.3 .*•< zero is interpreted by the machine a.; a positive number. 

b.k    A card with an "8" or a "9" code in column 26 is called a conditioned 
card. A card which is not conditioned is called an unconditioned card. a 
card is called a suppressed card if it is conditioned by an "8" and the 
remembered sign is positive, or if it is conditioned by a "^ a:.d the re- 
membered sign i: negative; this depends on the history ol the machine preceaing 
the reading of the card. A card is :alled an unsuppressed card if it is an 
unconditioned card or if it is a conditioned but not a suppressed card. 

8.5 T!".e instructions of unsuppressed curds are obeyed. 

8.6 The computed results, (standing in the Y and Z registers),  • a particular 
card are not disturbed when followed ay suppressed cards.  Hence these result- 
may DC called back \rj  39 and ,:9 f'odes in the adiiress positions of the first 
unsuppressed card following this particular card and on :ill intervening c..;*u... 

8.7 On suppressed card- orders to read into U, V, and W, to cl-....r t:ie ^1.. 
storage unit, to clear tne "»1 unit, to eject, to spread reuu or to sirecu 

£» read print, (^ee 9)» ^re obeyed. All ulher orders nre ignorec 
I 
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8.8 Table of Branch driers 

Code in 
 Action Colurm 26 

6.6.1 Inspect and remember the sign of the Y result of thi^     6 
card. 

8.6.2 Inspect and remember the sign of the Z result of this      7 
card. 

8.6.3 suppress computing, storing, punching, plotting and       6 
the action of an "X" punch in column 26, (see 9*1 «1 and 9.h), 
if remembered sign is positive. 

8.6.<* Suppress computing, storing, punching, plotting and       9 
the action of an "X" punch in column 26, (see 9.1.1 and 9.M, 
if remembered sign is negative. 

8.8.>* .-.top card feed and suppress as in 8.6.3 if remembered    5> 5 
sign is positive. 

3.6.6* ^top card feed and suppress as in 8.8.U if remembered     5> 9 
sign is negative. 

c.6.7 Suppress test of the Y result of this card and suppress    b, 6 
as in 8.C.3 if remembered sign is positive. 

£.£.£' Suppress test of the Z result of this card and suppress    7, 8 
as in 6.8.3 if remeEbered sign is positive. 

8.8.9 Change remembered ci,--n to positive and suppress as in     6, 9 
f rcuiem'i ored sign is negative. 

6.6.10 Change remembered »ign to positive and suppress as in    7, 9 
o.?.^ if remembered ^ !>..!'. is negative . 

6.6.11 *Card feed will stou when second card following stop card enters the 
feed. 

0.  Printing 

?.l Two kinds of printing are possible: printing of a result, which occurs 
a card cycle after the instruction *o print, and spread-read printing, which 
occur:, or. the vnae  cturd cycle as th<- instruction to print. 

/.i.l an "X" pun'h in rciuum tX> to-other with a print field punch "1" - "8" 
in rolusu c5 cauit.'i one result Y or Z, whichever is on channel "C," to print 
In one of ':.  position.-, or print ficils across the page. 
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An X" punch lr. column 26 al:>o cause:; quantities which are punched in 
card fields 1-U, if any, on the following card to print in print fields 1-U. 

9.1.2 An "X punch in column 25 causes quantities punched in card fields 1-4 
on the same card to print simultaneously in print field i-!>. This i. culled 
spread read printing. The quantities need not be sprvnd read into storage. 
Bl.uik columns will not print as zero. 

9.1-3 An "X" punch in column 26 followed on next card by an X" punch in 
column 2> will cause type bars to rise only oiice. 

9.1.^ A result to be printed must not be directed to print in any of the print 
fields 1-U if there iu*e punches in the corresponding card fields of the fcllowirv. 
card, or if the following card is a spread entry card. 

9.1.^.1 In thir situation the machine would print, and/or read into storage 
the higher digit in every position. 

9.1.5 Y or Z need not be stored with printing. However, it is not possible 
to print one es-A  store the other. 

9.1.5.1 The final card in the Ul2 card feed will act print 3 re'/-It. 

9.1.6 Table of Print Codes 

code 
 Print in field Cclurm 25 Column 26  

1 1       t   X 
2 2 X 

8 ? X 
1-U X 

0.2 An "X" pi-inched in column 2h  causes suppression of printing from the type 
bars where long hammerlocks are reisei when printing is ordered on the same 
card by "X" in 2> or on preceding cnrd by "X in ?6. 

9.3 A result Y or Z may b.» shifted from 1 to 5 place* to the right to align 
the printed values around .1 fixed decimal point. This coding causes truncatio: 
of the printed result without rounding, but does not affect storage of the 
result, nor output punching, nor atibnentient rjalculstjcris n<-.tr,g this result. 
This shift takes place afto- and independently of the right shift desciibed in 
section 6.4. 
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3.1 Table of Right Printlrv; Shifts 

f 
Action 

Code 
Column 2'» 

Shift printed result 1 place to right 
Shift printed result 2 places tc right 
Shift printed result 3 places to right 
Shift printed result *• places to rl^ht 
Shift printed result 5 places to ric'r.t 

1 
2 

3 
k 
5 

Q.U A "1," "2," or "3" punch in column 26 with an "X" punch in column 26 on 
the same card or an "X" punch in column 25 on the following card causes the 
paper to space 1, 2,  or 3 lines before printing. 

9.**.1 The above codes are suppressed when printing is suppressed by branch 
order. 

G.U.2 A "'•*"  punch in 26 will cause paper to eject to a new page with or with- 
out printing. 

9.U.3 Spacing and ejecting take place before printing. 

9.^.^ Spacing 1-3 lines will not take place on first print order after card 
feed of the U12 unit has been cleared of cardb. 

9A.5 An "X" in 26 with no field punch in 25 will cause type bars to rise, 
spacing may take place, and l£eld« 1-U of next card nay print, but result will 
not print. 

9.U.6 Table of List Spacing Codes 

Code 
Action Colurei 25 Column 26 

Space 1 line 
X 

XI Card 1 
Card 2 

Space 2 lines 
X 

X2 Card 1 
Card 2 

jpfcce 3 lines 
X 

X3 Card 1 
Card 2 

E^ect page k with or without 
X in 25 or 26 

9.S Remarks on the U12 as a Printer 

9.5.1 Fields 2-7 may print 8 digits, a decimal point, and a sign at the right 
of the field. 

16 
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Field one may print 7 digit' and *  sign at the left of the field. The 
sign of field o**e does not print on set up. 

• 

Field 8 nay print 3 digits and a sign,  or 7 dibits,  decimal point,  and 
t. sijTn. 

9.S.? Tit fieldj 2-k  the decimrl must remain fixed 'in the second printing 
position, but the digits rauy be displaced to the ri^ht or left by moving the 
plut,s on the piggy back portion of the ^12 control panel.  In fields 5-6 the 
position of the decimal may be changed by moving the plugs or, the piggy back. 

9.5•3 Long or short hammerlocks may be raised over any individual type bar 
to prevent printing In that position. Jhort hammerlocks prevent all printing. 
Long hammerlocks are controlled by a coded instruction. 

9.5.U Zero suppression levers may be raised to suppress printing of zeros to 
the right within a field and may be linked to force zeros to print to the left. 

10. Plotting 

10.1 A "Y" punch in column 26 vill cause plotting of a point vhoce x and y 
coordinates are stored in U12 storage 76. The first four digits represent 
x and the ia3t four digits y. 

10.1.1 It is not possible to use both plotter and suapary punch on the same- 
run. 

10.1.2 The "v" punch may be on first card after storing in 76 or later. 

10.1.3 A blank card (i.e. no instructions) must follow each card vhlch orders 
plotting. 

10.1.U Only positive coordinates may be plotted. 

10.1.5 Four scale factors are available for either axis indepeudently: 

Scale factor 1 means head moves 1 space per count of the number being plotted 
2  " per 2 counts 
k      " per U counts 
5 per U counts 

10.1.6 The origin may be selected on either axi6 independently by setting it 
manually into tne four x and the four y reset selector switches. 

10.1.7 Plotted points must be at least 2 cm. frora margins of paper. 

10.1.5 The maximum plotting area of the table top is 26 inches by 5U inches. 

10.2 Consideration must U *iver. to r.callng the coordinates of points to be 
plotted in order to obtain t.  tfmph of the desired dimensions. 

10.2.1 We i.hall interpret t*e sequence of four digits representing x as an 
integer. We intr.Jj'e the following notation: 
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t 
y.    is largest value 

x0 is smallest 

x - x = r (range of x) e   f   x    o     / 

10.?.2 Select a suitable multiple of 100 Just smaller than xf. Call it XQ 

and subtract It from all x values.  Cull these x. 

10.2.3 The smallest division on the paper Is a millimeter.  Decide hov many 
millimeters the graph is to cover. Call thla d.  (N.B. Maximum d on vertical 
scale is U60 nsn. for the stock paper. The horizontal scale may cover 1350 
cm. ) 

10.2.4 Divide r + x - x by d.  Call this k. 
x   f   o 

10.2.5 If k > 0.5, scale factor is 1, 2, *, or 5, whichever is next greater 
than k. If k is not near the scale factor, the graph vill extend only partly 
over the region. 

10.2.6 If k < 0.5, scale factor is 1. If it is desired to enlarge the graph, 
calculate l/k and program a multiplication of all 5 by 2, 5, or 10, whichever 
is next smaller than l/k. Any other factors must be used with care since they 
would make a difficult scale to read and might exaggerate the significance of 
the data. 

— 
• -^ 

10.2.7 store x in first four positicno of 76 if it is the horizontal coordinate, 
last four positions of 76 if it is the vertical coordinate. 

• 
10.2.8 At the plotting origin, x • x .  It is convenient to have this 2 cm. 
from bottom of page and chosen so that the true zero would be on a heavy line. 

10.2.9 Instead of subtracting x froiu x and working with x,  it i^ possible 

to ret x^ into the reset selector switches and work with x directly. But it o * 
will still be necessary for x to be always positive. 

10.2.10 It is possible to plot several curves at one time if a convenient 
constant can be chosen to displace the curves and make them distinct. 

11. oumnary Punching 

11.1 A "Y" punched in column 26 activates the 527 output punch. A summary 
punch contrc] panel must be vrired and inserted into pocition. 

11.1.1 Even if no pun hing is to be done, a punch control panel must be 
placed in the 527 wit! the calculate switch wired on. 

11.? The contents of any of the 1*12 storages and of the 6o«3 electronic 
storages for Y, Z, and W can be punchec or, the ^r.r  cycle. 
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U.2.1    Puncning iroa tne U12 .storage n<ay proceed on the next card alter j 
addressing a result to the **!?. ( 

1 
11.3 The alignment of punched dlc.ita in the fields of the output cards is 
not affected by the shift codea of .sections 5-7 and 9.3* 'wit it i.. affected 
by the shift codes of section 6.4. Output punching i i controlled by branch 
order codes in the SOB** w-.y that printing and "-toring is controlled. 

IV FLANNTJIG AMD CHBCKIKG THK FKOGHA.V 

12.  Identification 

As a preliminary, the programmer should make a point of studying the 
problem, breaking it into phases of computation each of which will be accommo- 
dated by the available storage. He should plan in detail the provisional 
format of printed results desired. Along vith this effort, the planning of 
the format of the Input data card is to be accomplished. This format must 
correspond to the coding on the program sheet; hence in preparing such cheets, 
it is important to plan the pattern of identification of the cards. 

Identification consists in an arrangement of the parameters, variables, 
and cycles which describe each main part of the problem, and is contained 
chiefly in field 1 of the cards, although it may be included in fields 2, 3, 
and h,  if necessary. 

4 __-  ' Generally ir. this system, each card will contain an instruction and will 
control two arithmetical opem^ons. An elementary set of cardr. will represent 
a complete sequence of operations sufficient for computing all functions of 
one set of parameters and variables. The same set of cards can be duplicated 
automatically so that as many sets m»y be used to compute the functions as 
there are unique sets of values of parai-eters and variables in the problem. 
Thus there will be as many elementary sets of instruction cards or kernels 
as there are combinations of change in parameters and variables. A data card 
er a special set of instruction cards is ueeu io change these values, and are 
usually inserted ahead of each standard set of instructions. Thus in between 
each kernel, a few of these special cards are inserted. 

Insertion can be carried out automatically on the collator only if identi- 
fication is systematic, e.g., sequential or lexicographic in nature. In general 
the identification of a data card should correspond with that of the instruction 
cards of a kernel.  Exceptions are, however, possible.  Dat*. or special cpras 
are usually distinguished from kernel card.;; this distinction is adequately 
provided by the assignment of distinctive line numbers (in card columns 11 and 
12) to each class of card; e.g., dpt^. cards !r.':y h;;vc lew-valuer, line numbers 
and kernel cards high-valued line numbers. Generally, each line number corre- 
sponds to a line on the program sheet. 

- Provision for proper identification in the above rields in the cards should 
take into account the peculiar identification requirement., of the printed format 
of the final results. Thu.- each line and section of printed results may need 
^ever-il items of identification. If there are to be several pages of results, 
provision .hould be nv.'vc f :>r identifying at the top or bottom to every r-ire t.ie 

]'•) 
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value of every parameter snti variable applicable to that page. Provision 
likewise should be made for printing the MAR (project number) or case (e.g., 
ARR number) uu every page. Thi.; may be done by proper insertion in the card 
file of special data or iustrvntion cards between every twenty or ac Kernels. 
Often the cards required to produce one page of results will be sufficient 
for the entire problem, for other pa^es can be produced with only a change 
in the leading cards. 

13 • Program Tracing 

13.1 In starting a problem on the CPC one or two band-computed or one or 
two special automat!-.'ally computed pilot problems should be used ac teot 
case?.  If there are differences between expected results and these teat 
cases, program tracing can be used to detect the area of the program where 
trouble occurs. Once these cases are "checked out,'' a set of cards from 
the standard program should be kepi on hand for future testing of machine 
reliability for that problem, and a program tracing of the set of cards 
should be kept for ready reference. There also should be prepared for ready 
reference a typical printed set or page of final results. 

13-2 To trace program and machine sequences » switch can be thrown causing 
printing of each instruction code, corresponding operands and one result. 

i thlB is called listing or setting up. It is advisable to check a program 
; by this method before all of the kernels are reproduced. 
I -- - 

13.2.1 Columns 3-26 inclusive print on the left half of the page. On the 
right half of the page, the operands U, V, vnd W will print in print fields 
5-7 and the Y or Z result, whichever is on channel "C," in field 8. Fields 
5-7 will print 7 digits to the right of the decimal. Field 8 will print 8 
digits without a decimal. A minus sign will print at the right side of these 

! 

! 

fields i 

13.2.2 Coded sign reversals ("X" in units position of thss -iddress coder.) 
wr.il print on the letter R to the right of the address code. 

13.2.3 The value retainer by a 99 code will not print. 

13.2.^ Minus signs are printed to the right ci" the number. 

13-2.5 Lines which cont«ip p-rsutation and/or substitution codes print on 
;.et up with operand-:, in read in locations. 

13.2.6 An *'X" in column 19 to clear the entire U?0 storage will print C at 
the extreme left. 

13.2.7 A spread read card will print E at the extreme left. 

13-2.8 Column 3 will not print on set up, 

I3.2.9 •••- positive absolute value is Indicated by a P to the right of the 
ti addre:^ code. A riecative absolute value is indicated by an N to *hc right 
'•    of the addre^.. code. 

2C 
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1*. Checking and Roll Lack 

The machine must not be relied on to produce error-free computation, nor 
is there any greater probability that its errors vlll tena to be small instead 
of large, obvious instead of insidious or self-converting rather than cumula- 
tive. Therefore in general all problems r.nouid be run tvice (preferably on 
different machines). Bovever, when there are ODVIOUS physical criteria for 
judging rec^ilt;: on a precise basis, or frequent analytic checks that may be 
programmed systematically, reruns may no'c be necessary. An exception of 
another sort is net. when on Iterative procedure is ur-ed, wherein snail errors 
will be &rzse&  by the iterative process.  In tnis connection large errors may 
lead to convergence on another branch which may or may not seem plausible, so 
that tire nature of the convergence process requires analysis or experiment 
for each problem. Another exception, where rerunning may not be necessary, 
occurs where an index of improvement between coarse and fine integrations is 
computed and printed as a visual aid for quick trouble-spotting, ^smoothness 
checks for certain problems may be adequate, but cannot be relied on where 
functions of more than one variable are computed, or where the differences 
which are not used for trouble spotting are too large or too variable in- 
herently. 

In general, All automatically computed results should be transmitted 
from the Applied Mathematics laboratory only after complete checking has been 
carried out. 

Most computing equipment errors are intermittent and will not repeat 
during a tracing program, so that quick electronic or mechanical repair cannot 
be carried out. Under these somewhat typical circumstances, program tracing 
is unprofitable, and it becomes necessary to continue computation of the 
problem at the last point where results arc known to be perfect. To commence 
automatic computation "in the middle ' of a l«irge problem for this purpose, 
a so-called rollback procedure must be programmed, ^uch a program is designed 
to store all information necessary to resume the calculation in the particular 
storages that ore used in the standard program for that problem. The items 
of this information may be available in basic data cards used in the oeginning 
of the computation, or in the middle, or they may have been computed and 
printed, or they may be summary punched. Tc insure that all information which 
is necessary to rollback a problem be available la card form in reudir.ecs Tor 
use, the mathematician must foresee where a rollback will ^tart (say at the 
beginning of any printed pag'.*) *'iid then plan his standar-: program in ~uch a 
way as to compute and -.uianary punch or print each item 01 suc'i information. 
Of course, any such items which exist on the standard data and instruction 
decks need not be re-punched. 

Once the necessary items are available, a standard rollback program ani 
deck of cards is prepared and checked out, which will assign the information 
to storage locations which ure standard in the problem progroiu; likewise this 
rollback kernel will compute oil quantities derivjd from this basic ini'omatior. 
and which are stored in standard places in the problem program.  In short. :• 
rollback kernel Includes all data and instruction coaes .necessary to px'ovfde 
;>  «r-iri<V ITIIT.II*-< on fit" i'.tfin,"p '.t-.-,r\>r\    tr>   thp »v»"V- 1/*E nrn.." :*n      cn.-t- *,- «• •>  ton..  . 

kernel of instruction cards immediately followirv, it can be u^ei '-* continue 
the computation in aonail fashion.  When a rollback kernel io checked out, .- 
program true -.^ :hojla be made for .\:tur«; rei'crerve. :vr.:i a ccr.~iie *i.:-.a 0114 lete 
set 01 direction: for assembling t.c rollback kernel should be written out. 
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10. Outline of Brograaming oteps 

The programming steps, aside from problem formulation and numerical 
analysis, includes tne follovlng. 

10.1 Translation of the problem whi'*h is stated in discrete terms into 
seyoencer. of algebraic steps, etc. 

10. i: Formulation of a  logistical pattern of storage., etc. 

1.3 Formulation of a related and useful ^iattern of presentation of desired 
results. 

is.4 Formulation of a rollback procedure wherein all necessary cards for 
Tpeoial data are produced automatically by ,umm»ry punching. 

15-5 Coding the above, in standard forms, on program sheets, and punching 
ccrrcspending cards. 

1>.6 Establishing the data card pattern and transmitting this information 
to the problem proposers so they can furnish appropriately punched Input 
cards. 

15.7 Pilot computation, and test decks construction; program ^heck-out and 
establishment of standard program trace for reference. 

10.8 Establishment of standard printed page of final results for diagnostic 
reference; this should include identification interpretation, and colum 
heading interpretation, etc. 

10.9 Preparing summary card format, In written form, and summary control 
panel, vherever sunmary punching is used. 

15.10 Preparing all control panels which may be needed in preparing the deck 
of cards to be used in the Card-Programmed Calculator, with specifications 
for their preparation and use. 

iij.ll When a problem is recurrent or of large volume, preparing explicit 
notes on all the .ibove results which are sufficient guides to allow process; ing 
by any ether programming or machine tecnniuioui. These notes should be created 
first in the noi-mul course of any programming procedure, for even the original 
programmer can easily forget important details. 

10.12 Operating., checking, mail.r-ainlng liaison, and taking and transmitting 
final results to the user (problem proposer). In these phases, maintenance 
of  the CPC log books should ^e kept consecutively and dates of transmitted. 
^f each portion of results should be recorded on facsimile bound copies 
retained in AM II. All transmitted results and these AM II copies should 
be initialed by the programmer or machine technician who has carried out 
operation for the bulk of the cook. 

r- 
1 



NAVORD Report 2?S5 

15*13 When a problem has been completed, an AML report of completion (where 
•\ML stands fsr "Applied Matheoetics Laboratory') should be immediately pre- 
pared and "ransmitted to AM, shoving briefly what lias been completed; this 
is on administrative rather than a technical report. Furthermore, where a 
2>rrih!«B has oeen partially or wholly formulated ID the branch or division, 
or vhere novel .-implication and development of numerical analysis has been 
made, a formal Technical Rote or NavOrd Report should be prepared as uoon 
as possible. 
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APPENDIX 

16. The foregoing coding instructions may be applied to the CPC Model I 
with the exceptions and addition;, noted beiow. 

16.1 The following axe not available on Model 1. 

Shift U, V, w (5.7.3) 
Shift Y, Z (6.u) 
Head 4$? into V register 
Read 39 into W register 

10.1.1 Both banks of the 9'-l electromechanical storage are reset to zero 
by an "X punch in column 20. 

16.1.2 Any number stored in 412 storage 71 oust be less than 0.1000000. 

16.1.3 The absolute value, positive or negative, of the previous Z result 
may not be called into W. 

16.2 On the CPC Model I, transcendental functions are available only when 
special function panels are used. These panels cause the Model I to operate 
is a single operation, two address system for algebraic operations; single 
operation, sin/le address system for square root and transcendental functions. 

16.2.1 The W address is always blank. 

16.2.2 For square root ;md transcendental functions the argument is addressed 
to U and trie V address is 09. 

16.2.3 Table of Function Board Code^ 

i 

Operation 

;u] 

V 

Column 
Code 

16 Column ly 

C  plu-, V 
U plus V plus previous 
U divided by V 
V divided by U 
Remainder of U divided 

re.' 

by 

Lt 

after 5 places of Q\ otient 

0 c 
•? 

3 
U 
3 

0 
2 
0 
0 
5 

Remainder or v divided 
U multiplied by V 
U multiplied by V plus 
cosine U 

by u 

prev 3 

al'Li 

Lou 

ii' j  pj.ac£s 

result 

^ 4" quotient 
1 •> 

5 
2 

0 
2 
0 

hyperbolic cosine U 
,,ine U 
hyperbolic ,lne U 

2 
j 

3 

9 
3 
9 

exponential U "> 7 
square root U 
.re tangent U 

*r?.  hyperbolic tangent 
natural logarithm U 

U 

6 
7 
1 

1 

9 

7 
6 
0 

7 

2h 
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spporoix 

continued 

l6.2.).l Tiie previous result i.s addrc~..eu ac *y. 

l6.2o«2 Tnere i... no 99 adiress» with thij pcuiel. 

l6.2.3-3 The ran«je of permissible uxgviwenta is i^ame a*  for Model II. 

l6.2.U Section lj.2.9 does not apply to the Model I. A positive absolute 
value io indicated by an R to the right of the addrcao code. A negative 
absolute value i*  not indicated. 
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Chief. LUireau cf Ordnance 
Drpnrlmenl of the  Navy 
W* ^mgton 2 5. D   C. 

Attn: Rea 
.Mtn: Rexe 
Attn: Re*a 

Chief.  IUTOU ;>i Aeronautics 
Depaitn.ent o( the Nfc--y 
Washington 25, D   C. 

Af.n: AER-1D-414 
Attn; RS-7 

Commander 
US   Naval Ordnance Teat Station 
Inyokern 
P.O   China Lake. California 

Attn: Technical Library 
Attn: Code  5003 

Commander 
U.S. Naval Air Mi attic Teat Center 
Point Mugu. California 

Attn:  Technics;   Library 

Superintendent 
U.S   Naval Postgraduate School 
Monterey, California 

Attn:  Librarian 

No    o! 
Cop.r 4 

Commanding Officer and Director 
David Taylor Model Baain 
Washington 7, D. C. 

1 Attn: Hydrodynami..* Laboratory 

Chief of Naval Research 
Navy Researcn Section 
Library of Congress 

2 Washington 25, D   C 

Office of Naval Research 
Washington 25. D   C 

1 Attn: Code 4J2 
I Attn; Code  4J8 
1 Attn: C.:de  463 

Air  T.rgr's Division 
Di rtcioriit o.' Intelligence 
iie« lijaif.: r»,  LiSAF 
w«».'.,^.;i0t. as. D  C 

Af.n- Cinr', Physical Vulnerability Br 
Attn: AFDR.DRE 

Commanding General 
Mrfqts,  Wright Air  Development Center 
Wright -Patterson Air Force  Base 
Dayton, Ohio 

Attn:  WCSO 
Attn. WCAPD 
Attn: WCRrt 

Physics Brar-:h        _ 
Division of Research 
U   S. Atomic Energy Commission 
Washington 25, D. C. 

Director 
Maxwell Air Force Base, Alabama 

Attn: Air University Library 

The Artillery School 
Antiaircraft and Guided Missiles Br 
Fort Bliss. Texas 

Attn: Research and Analyst-* Set. 
Attn- Pres    Armv Field Forces. Beard #4 

Ballistic Research Laboratories 
Aberdeen Proving Ground 
Aberdeen,  Maryland 

Attn: D S. Dedcnck 

National Bureau "of Standards 
Washington 25. D. C. 

1 AfOt: Nat) Applied M«:n.   Lab 
1 Attn.  W    Ramberg 
I At:t..  i.ttrar.a.-.;Orrf   Dev   D:v ) 

National Bureau o> Standards 
Coror.j  Labcrstories (Ord   D»v   Oiv ) 
Corona. California 

1 Aid.. Dr    Harold Thomas 

Director 
Nl.al Research Laboratory 
Vi ail .r.^ton IS, D    C 

Attn: Code 10? I 
Attn: Code   3800 

Nat:ona!  Bureau of St.tr.d«rds 
Building  3U. UClJs Campus 
405 Hiigard Avenue 
l.os Angeles 24. California 

Attn:  Librarian 

Research and Development Board 
Library uranch 
Pentagon.   3D I 04 I 
V.'ash'.ngtor. 25, D   C. 

Chief. AFSWP 
P O Box 2610 
Washington. D. C. 

Aim:  Technical  Librai y 

University of California 
Berkeley 4. California 

I Attn: C    J   Maslach 
1 Attn: Dr   S.A   Schaaf 

VIA: InsMat 

California ln«titute of Technology 
Pasadena 4. California 

2 Attn:  Libranans(Guggenheim A<" • 
1 Attn: Praf   M S   Plesset 

VIA: B«'Aero Rep. 

l...o) 
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University o!  l.lirtots 
202 t.    R    L 
Urba.ia,  Illinois 

Al'.n   Prof   AH    Taub 
VIA    Irs Mat 

defense ReseJiCh  Laboratory 
University o!  Tc»»j 
flox  I,  University Station 
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A11 n:  I n • M ff i 

l>;rc 'or 
Fluid Dynamics and Applied Math 
University   of Maryland 
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VIA:  IniMat 

r. .t stman Ko«iai>   ',omp>tiiy 
*>0 West Mair, Street 
Rochester 4, New Yor^ 

Attn: l)i    H    Trotier.  ji 
VIA:   NiO 

University of Michigan 
Engineering Research Institute 
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Attn:   J.W    Carr.  Hi 

Willow Pun Research C*r,ter 
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University ol  Mi?higan 
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University of Minnesota 
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Depl   of Aero.  Er.gr 
The Ohio State  University 
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Polytechnic   Institute of Brooklyr 
S9 Livingston Strtet 
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University of Wisconsin 
Naval Research Laboratory 
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Princeton University 
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Princeton,  New  Jersey 

A'tn:  M    H    Smiih 

Armour Research Foundation 
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Oliver  spring    Maryland 

Attn    Arthur G.  Norrs 
V i A .   *-•' Iv'» 
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Attn:  Joseph C. Hoffman 
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Tne Rand Corporation 
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A''n;  Librarian 
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H<iivaid University 
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University of Toronto 
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Hughes Aircraft Company 
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1 Attn: Dr. Alien E. Puckett 

Institute for Advanced Study 
Professor  John von Neumann 
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University of  Michigan 
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International Business Machines Corporation 
Tin Connecticut Avenue, S. V. 
Washington 6, D. C. 
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Cornell University 
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MmichusfH?. Institute of Technology 
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Stanford University 
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